Huge differences in cellular radiosensitivity due to only very small variations in double-strand break repair capacity.
The DNA double-strand break (DSB) repair capacity of normal human fibroblasts was compared with that of cell lines with different genetic alterations. These cell lines are affected either in non-homologous end-joining (180BR), homology directed repair (C2352, C2395), base excision repair (CS1TAN, 46BR) or signalling (AT3, AT2BE, LFS2675, LFS2800, 95P558). Cellular radiosensitivity was determined by colony formation assay, DSB by constant-field gel electrophoresis and apoptosis was detected by caspase3 activity. For the mutated cell lines, the survival fraction at 2 Gy (SF2) varied between 0.013 and 0.49 in contrast to a variation of only 0.15-0.53 for normal fibroblasts. There was no variation in the number of initial DSB and only a small variation in the number of DSB remaining 24 h after irradiation. At 100 Gy, the latter number varied between 2 and 5 Gy-equivalents for normal fibroblasts and only between 3 and 7 Gy-equivalents for the mutated cell lines, corresponding to repair capacities of 95-98 and 93-97%, respectively. There were, however, two outliers (LFS2800, 180BR) where the number of remaining DSB was much higher with 22 and 30 Gy-equivalents, respectively. This elevated number resulted from a delayed repair and apoptotic cells. For all but these two cell lines, the relationship between the number of DSB remaining 24 h after irradiation and SF2 could be described by an identical correlation (r2 = 0.86, p < 0.0001). This result indicates that the relationship between DSB repair capacity and cellular radiosensitivity appears to be the same for normal and mutated cell lines, and that in both cases huge differences in cellular radiosensitivity result from only a very small variation in DSB repair capacity.